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VI. On Periodical Laws in the larger Magnetic Disturbances. 

c 

By Captain C. W. Younghusband, /Joi^a/ Artillery, F.R.S. 
Received February 16, 1853,— Read February 24, 1853. 

Having submitted the hourly observations of the magnetic declination made at 
the St. Helena and the Cape of Good Hope Observatories to a course of examination 
similar to that undertaken by Colonel Sabine for Toronto and Hobarton, and 
published by him in the Philosophical Transactions, Part I, for 1851, and Part I. for 
1862, also in Vol. II. Magnetical and Meteorological Observations at Hobarton, and 
Vol. II. Magnetical and Meteorological Observations at Toronto (now in the press), 
with the object of investigating some of the laws which govern the occurrence of the 
larger magnetic disturbances, I have found that at these two stations, as well as at 
the two others, the evidence is complete of the existence of laws of a periodical 
character : the facts appear to be important materials towards elucidating the general 
laws of disturbances, and I therefore venture to communicate them to the Royal 
Society. 

The observations which have been examined are comprised between September 
1842 and September 1847 at St. Helena, and between July 1841 and July 1846 at 
the Cape of Good Hope; these periods include all the hourly observations that could 
be made available for discussion. 

The observations were made simultaneously at all the magnetic stations, viz. at 
the commencement of each Gottingen hour ; we have, therefore, the best opportunity 
of judging of the degree in which the disturbances may be referred to one general 
cause, while by arranging them with regard to local time, the means are afforded of 
showing the operation of laws which have respect to the sun's position towards the 
place, both in relation to the hour of the day and the season of the year. 

At St. Helena, every observation that differed by 2*5 scale divisions from its normal 
place (meaning by that, the mean place at the hour, and in the month in which the 
observation occurs) has been regarded as a disturbed observation, and separated 
from the others ; the number of observations thus separated amounts to 2659 ; the 
whole number of hourly observations made in the period amounted to 36,054, 
wherefore one observation in 13'6 has been regarded as disturbed. At the Cape, in 
like manner, every observation that differed by more than 2-5 scale divisions has 
been regarded as disturbed and separated from the others ; the number of separated 
observations is 3038, the number of hourly observations made in the period is 36,57 Ij 
wherefore one observation in every 12'0 is disturbed, 
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The limit beyond which an observation should be regarded as disturbed, was, of 
course, arbitrarily fixed ; and as the principle on which the disturbances were sepa- 
rated was the same as that which formed a guide in the previous investigation, it is 
only necessary here to repeat, that the absolute numbers which express the frequency 
and amount of the disturbances cannot be compared at any two stations, but a 
comparison may with propriety, and has been made, between the ratios of each year, 
or season or hour, to the respective mean quantities. 

In a paper by Colonel Sabine already alluded to, a comparison has been instituted 
of the disturbances at Toronto and Hobarton, stations almost as far from each other, 
geographically, as it is possible for two places to be situated on the surface of the 
earth, but possessing considerable analogy in their magnetical relations. The i-esult 
of the comparison was to show a striking connection between the two places in the 
laws of the occurrence of disturbances, whether as regards the hour of the day, the 
season of the year, or the year itself. Now St. Helena and the Cape of Good Hope, 
situated near together, are unlike magnetically, as well as in geographical position, 
to either Toronto or Hobarton ; and I am desirous, in addition to presenting an 
investigation into the periodical character of the laws of disturbance operating at 
the new stations, to point out in what respect the character agrees, and in what it 
differs, from that which has been found at Toronto and Hobarton. 

We may expect, from facts already known, some agreement in the amount of 
disturbance in the same years at different places. Table I. exhibits the ratios of the 
numbers and aggregate values of the disturbed observations in the different years to 
the average annual number and aggregate value, also the average value of one 
disturbance in each year. 

Table I. 



Years. 


St. Helena. 


Cape of Good Hope. 


Numbers. 


Aggregate values. 


Average value of 
one disturbance. 


Numbers. 


Aggregate values. 


Average value of 
one disturbance. 


1841 

1842 

1843 ...... 

1844 

1845 

1846 

1847 






/ 


0-97* 

1-25 

0-57t 

0-90 

0-93 

1-38 § 


1-07* 

1-26 

0-53t 

0-88 

0-91 

l-36§ 


3-10* 

2-86 
2-62} 
2-76 
2-76 
2-78 § 


0-98 1 

0-82 

0-9011 

1-00 

1-06 

1-25 «1[ 


0-96t 

0-76 

0-9011 

0-97 

1-03 

1-37 % 


2-43 1 
2-31 

2-4711 
2-41 

2-42 

2-72 <1I 







The observations are here too incomplete, and their duration too limited to derive 
more than a general indication of the action of the same law, which has been shown 
to exist at Toronto and Hobarton, of the periodical character of the number and 
magnitude of the disturbances during a cycle of years ; both at Toronto and Hobarton 



* From six months' observations. 
11 From ten months' observations. 



■f From four months' observations. J From ten months' observations. 
§ From six months' observations. ^ From eight months' observations. 
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the year 1843 has been shown to be that of least disturbance, and 1848 of greatest; 
and we have here some additional evidence of a general cause operating over the 
whole globe to produce a minimum magnetic effect in 1843 progressing towards a 
maximum in 1848. In judging of the fulfilment of the general law and of the degree 
of accordance of the ratios at the two stations, it is to be borne in mind that three 
years only are complete years of observation at each station, and that in the other 
three years at each station the ratios are necessarily computed from the portions of 
those years to which the observations are limited ; also, that although the observa- 
tions were everywhere made simultaneously, as stated above, yet that the cessation 
on Sundays was regulated by local time ; and as the Saturdays' observations were 
closed at midnight, and the Mondays' observations commenced at 1 a.m. civil time, 
there are a certain number at each station which have none corresponding at any 
other. 

Table II. contains the ratios of the numbers and aggregate values of the disturb- 
ances, divided into their westerly and easterly components, to the average annual 
number and aggregate value. 

Table II. 



Years. 


St. Helena. 


Cape of Good Hope. 


Westerly. 


Easterly. 


Westerly. 


Easterly. 


Numbers. 


Aggregate 
values. 


Numbers. 


Aggregate 
values. 


Numbers. 


Aggregate 
values. 


Numbers. 


Aggregate 
values. 


1841 

1842 

1843 

1844 

1845 

1846 

1847 


0-91 
0-75 
0-89 
0-96 
1-07 
1-43 


o"92 
0-70 
0-91 
0-94 
1-04 
1-49 


1-02 
0-89 
0-90 
1-03 
1-02 
1-14 


0-96 
0-86 
0-92 
1-04 
1-05 
M7 


0-95 
1-14 
0-56 
0-97 
0-96 
1-42 


1-07 
M6 
0-52 
0-95 
0-96 
1-36 


1-00 
1-39 
0-59 
0-80 
0-88 
1-36 


1-08 
1-40 
0-54 
0-77 
0-84 
1-36 



If we separate the whole number of observations at St. Helena and the Cape into 
their easterly and westerly components, we find that each of the two divisions singly, 
indicate the same periodical law which they did when combined, viz. a fall to a 
minimum in 1843, from whence an increase towards a maximum in 1848 takes place ; 
and this is apparent both in the number of observations disturbed and the amount of 
the disturbance. By an easterly disturbance is to be understood, that the end of the 
needle which points north is disturbed from its normal place towards the east, and 
vice versd, and this whether the mean declination has an easterly or westerly value, 
and whether the station be in the northern or southern hemisphere. 

Table III. contains the ratios of the westerly to the easterly disturbed observations 
in each year, in numbers and values. 
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Table III. 



Tears. 


St. Helena. 


Cape of Good Hope. 


Numbers. 
W. to E. 


Values. 
W. to E. 


Numbers. 
W. to E. 


Values. 
W. to E. 


1841 

1842 

1843 

1844 

1845 

1846 

1847 






1-36 to 1 
1-17 to 1 
1-35 to 1 
1-73 to 1 
1-57 to 1 
1-51 to 1 


1'42 to 1 
M9 to 1 
1-38 to 1 
1-77 to 1 
1-66 to 1 
1-40 to 1 


M2 to 1 
1-07 to 1 
1-26 to 1 
1-18 to 1 
1-33 to 1 
1-60 to 1 


1-28 to 1 
1-09 to 1 
1-45 to 1 
1-20 to 1 
1-34 to 1 
1-70 to 1 



The westerly disturbances therefore decidedly preponderate at both stations over 
the easterly in the aggregate of each year, both in frequency and amount. At 
Hobarton a similar preponderance of westerly over easterly was found in every year ; 
but at Toronto, on the contrary, the easterly disturbance exceeded the westerly in 
every year (though they were nearly equal in 1841 and 1847) ; yet on the average of 
seven and a half years' observation the easterly disturbances were in proportion to the 
westerly, as 1-17 to 1 in number, and as ri6 to I in value. 

Dividing the disturbances into the several months of their occurrence, we have in 
Table IV. the ratios in each month of the number of disturbances, of their values, and 
of the average value of one disturbance to the mean monthly values. 

Table IV. 



Months. 


St. Helena. 


Cape of Good Hope. 


Numbers. 


Values. 


Average value of 
one disturbance. 


Numbers. 


Values. 


Average value of 
one disturbance. 


January 

February ... 

March 

April 


1-60 
1-39 
0-99 
1-36 
0-83 
0-36 
0-64 
0-75 
1-21 
0-76 
0-96 
M3 


1-76 
1-41 
1-00 
1-41 
0-80 
0-34 
0-59 
0-72 
1'20 
0-71 
0-91 
1-14 


1-12 
1-03 
1-02 
1-05 
0-97 
0-97 
0-94 
0-97 
1-01 
0-95 
0-96 
1-02 


1-71 
1-49 
0-95 
1'36 
0-61 
0-42 
0-49 
0-48 
0-91 
M4 
1-32 
1-21 


1-77 
1-60 
0-90 
1-29 
0-48 
0-37 
0-68 
0-47 
0-91 
1-09 
1-32 
1-23 


1-04 
1-08 
0-95 
0-96 
0-94 
0-88 
M8 
0-96 
1-00 
0-96 
1-00 
1-01 


May 


June 


July 


August 

September ... 

October 

November ... 
December ... 



From this table we find that January is the month of greatest disturbance in 
frequency and value, and June of least disturbance, both at St. Helena and the Cape. 
On referring to the Hobarton observations, the very same months are found to be 
those of greatest and least disturbance respectively, but at Toronto hoth January 
and June are months of minimum disturbance ; the maximum disturbances in the 
year occurring at Toronto in April and September. 

In comparing the observations at Toronto and Hobarton alone, it was found that 
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although a minimum of disturbance occurred at Toronto in midsummer, still the 
disturbances in the four summer months had a considerable preponderance over 
the disturbances in the four winter months ; at Hobarton also the disturbances 
in the four summer months greatly exceeded those in the four winter months, 
and it seemed reasonable to refer the maxima and minima periods of disturbance 
in their mean effects to extreme seasons; St. Helena however offers a remarkable 
objection. The sun is vertical at St. Helena early in November, and again early 
in February, but there is no indication of the occurrence of the disturbances 
being connected with the sun's position relative to the place. The temperature 
reaches its maximum in the middle of March, and its minimum early in September ; 
and if we consider the periods of extreme temperature to be those of extreme seasons 
at St. Helena, we shall find that at both those times the disturbances have their mean 
value, proving that insofar as St. Helena has extreme seasons, they are undoubtedly 
not coincident with extreme disturbances. While, therefore, we can class St. Helena, 
Cape of Good Hope and Hobarton together, places differing so widely in climate and 
geographical position, as exhibiting their maximum and minimum disturbance in the 
same months of the year contrasted with Toronto as presenting a different law, we 
may conclude that the principal causes which operate in producing the annual 
variation of the disturbances are not dependent upon local seasons. 

There is, however, a striking point of similarity at all the stations about the times 
of the sun's passing the equator. At Toronto, April and September are both months 
of maxima disturbance in the year, September being that of primary maximum. At 
St. Helena a distinct tendency towards maxima is shown in the same two months, 
rather more strongly marked in April than in September. At the Cape of Good Hope 
the tendency towards maxima in the same two months is also quite apparent, but 
still more strongly marked in April over September than at St. Helena. At Hobarton 
the tendency to maxima in April and September is likewise evident, though not so 
marked, and here, as at Toronto, September's maximum preponderates over that of 
April. 

The average value of a single disturbance scarcely differs in any of the months, 
either at St. Helena or the Cape ; at Toronto and Hobarton the average value of one 
disturbance appears to be least in their summer months, about a mean in winter, and 
greatest in the equinoctial months. 

Table V. contains the ratios of the numbers and values of the westerly to the 
easterly disturbances in the different months. The westerly disturbances exceed the 
easterly in every case ; the preponderance has its greatest excess in the month of 
May, and its least in the month of February at both stations. It also appears that 
the ratio of westerly values is greater than the ratio of westerly numbers. At 
Hobarton the westerly tendencies were also found to exceed the easterly in every 
month, while at Toronto the easterly exceeded the westerly in every month ; and it 
is worthy of remark, that at these two stations, as well as at the Cape and St. Helena, 
the ratios of values likewise exceeded the ratios of numbers ; the amount in every 
instance is small, but decided. 
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Table V. 
Ratios of Westerly to Easterly disturbed observations in every month in the year 
in numbers and values, at St. Helena and the Cape of Good Hope, the numbers 
and values of the easterly disturbances being represented in each case by unity. 



Months. 


St. Helena. 


Cape of Good Hope. 


Numbers. 


Values. 


Numbers. 


Values. 


January 

February 

March 


1-23 
0-96 
1'21 
1-41 
1-88 
1-13 
1-70 
Ml 
1-24 
1-15 
1-60 
1-18 


1-18 
1-03 
1-20 
1-56 
2-07 
1-07 
1-63 
1-17 
1-34 
1-28 
1-55 
1-28 


M6 
1-21 
1-90 
1-39 
3-13 
2-09 
1-70 
1-20 
1-54 
]-28 
1-43 
1-31 


1-14 
1-22 
2-03 
1-60 
3-20 
1-99 
1-55 
1-44 
1-55 
1-26 
1-49 
1-43 


April 


May 


June 


July 


August 

September ... 

October 

November ... 
December ... 


Means 


1-31 


1-37 


1-61 


1-65 





Table VI. exhibits the average value of an easterly compared with that of a 
westerly disturbed observation in the several months, found by dividing the aggre- 
gate easterly or westerly amount of disturbance by the corresponding number of 
occurrences. 

Table VI. 
Average values of an Easterly and of a Westerly disturbance in the several months. 



Months. 


St. Helena. 


Cape of Good Hope. j 


Easterly. 


Westerly. 


Easterly. 


Westerly. 


January 

February ... 

March 

April 


2-67 

2-36 
2-43 
2-38 
2-18 
2-37 
2-31 
2'24 
2-30 
2'lo 
2-24 
2-32 


2-89 
2-54 
2-43 
2-62 
2-40 
2-25 
2-22 
2-36 
2-50 
2-39 
2-34 
2-52 


2-93 
3-01 

2-66 
2-55 
2-57 
2-55 
3-48 
2-42 
2-78 
2-69 
2-73 
2-69 


2-88 
3-03 
2-70 
2-75 
2-64 
2-43 
3-18 
2-91 
2-79 
2-66 
2-85 
2-94 


May 


June 


July 


August 

September ... 

October 

November ... 
December ... 




2-33 


2-45 


2-75 


2-81 





It appears from this table that an easterly disturbance is very generally less in 
amount than a westerly disturbance. At St. Helena there is but one month in the 
year in which the westerly disturbance falls below the easterly, and but three at the 
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Cape of Good Hope. On the average of the year the easterly is decidedly a smaller 
disturbance than the westerly. The same fact is shown from the Hobarton observa- 
tions. At that station the easterly disturbance is smaller than the westerly in 
eleven months of the year, the average annual easterly disturbance being consider- 
ably less than the westerly. At Toronto also we find the same fact occurring ; the 
value of a disturbed easterly observation is less than a westerly on the average of 
the year ; the difference is however in this case inconsiderable, and there are several 
discrepancies in the different months. 

Next, distributing the disturbances into the several hours of their occurrence, the 
following table is obtained. The facts, besides being very remarkable when viewed 
alone, acquire so much additional interest when exhibited in contrast with the law 
which has already been shown to prevail at Toronto and Hobarton, that I have 
placed the corresponding tables of the ratios at Toronto and Hobarton beside those 
of St. Helena and the Cape for the sake of more convenient comparison. 

Table Vll. 

Ratios of the numbers and of the aggregate values at the several hours, to the 
mean hourly numbers and values at St. Helena, Cape of Good Hope, Hobarton 
and Toronto. 



Mean time at sta- 
tion, Astronomical 
reckoning. 


St. Helena. 


Cape of Good Hope. 


Hobarton. 


Toronto. 


Numbers. 


Values. 


Numbers. 


Values. 


Numbers. 


Values. 


Numbers. 


Values. 


Day. 


















18 hours. 


0-23 


0-24 


0-98 


1-00 


0-73 


0-68 


1-04 


1-08 


19 


0-44 


0-38 


1-30 


1-29 


1-01 


0-96 


1-02 


1-28 


20 


0-95 


0-88 


1-97 


1-86 


1-12 


1-07 


1-06 


1-14 


21 


1-58 


1-49 


2-01 


1-97 


1-05 


0-91 


1-08 


1-09 


22 


1-92 


1-94 


2-25 


2-28 


1-02 


0-85 


1-06 


0-92 


23 


2-49 


2-55 


2-12 


2-17 


1-04 


0-88 


1-01 


0-83 


Noon. 


2-70 


2-77 


1-97 


1-93 


1-04 


0-85 


0-86 


0-67 


1 


2-82 


2-92 


1-57 


1-51 


1-11 


0-90 


0-72 


0-55 


2 


2-65 


2-72 


1-31 


1-22 


1-14 


0-97 


0-59 


0-49 


3 


2-29 


2-27 


0-83 


0-76 


1-04 


0-91 


0-66 


0-52 


4 


1-86 


1-78 


0-77 


0-69 


1-00 


0-91 


0-69 


0-58 


5 


1-18 


1-10 


0-52 


0-48 


0-90 


0-86 


0-69 


0-60 


Sum of ratios at 1 
day-hours. J 


21-11 


21-04 


17-60 


17-16 


12-20 


10-75 


10-48 


9-75 


Night. 

6 hours. 


0-60 


0-56 


0-63 


0-60 


1-04 


0-90 


0-77 


0-78 


7 


0t29 


0-29 


0-67 


0-66 


0-81 


0-86 


0'92 


0-89 


8 


0-32 


0-33 


0-71 


0-81 


0-88 


0-93 


1-11 


1-17 


9 


0-22 


0-26 


0-62 


0-65 


0-98 


1-17 


1-26 


1-48 


10 


0-21 


0-24 


0-59 


0-69 


1-11 


1-26 


1-27 


1-33 


11 


0-20 


0-24 


0-44 


0-53 


1-35 


1-66 


1-15 


1-15 


Midnight. 


0-22 


0-26 


0-45 


0-52 


1-28 


1-45 


1-21 


1-24 


13 


0-15 


0-16 


0-52 


0-52 


1-10 


1-12 


1-24 


1-35 


14 


0-17 


0-18 


0-49 


0-50 


0-99 


1-15 


1-21 


1-21 


16 


0-16 


0-15 


0-44 


0-42 


1-01 


1-08 


1-15 


1-12 


16 


0-15 


0-17 


0-51 


0-49 


0-95 


0-94 


1-22 


1-25 


17 


0-17 


0-18 


0-44 


0-45 


0-60 


0-64 


1-16 


1-26 


Sum of ratios at I 
night-hours. J 


2-86 


3-01 


6-51 


6-84 


12-10 


13-16 


13-67 


14-23 
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The above table shows in a very striking tnanner that at St. Helena the disturb- 
ances are almost, without exception, confined to the hours of the day. At the Cape 
the hours of the day are likewise those of greatest disturbance in a very marked 
degree, as for instance, at eleven o'clock in the forenoon they are between four and 
five times as frequent, and as great in amount, as at the corresponding hour at night 
twelve hours later. Hobarton and Toronto present however very different features : 
there the hours of the night are of greatest disturbance ; but it will be seen that the 
sum of the ratios at the twelve hours of the night does not exceed the sum of the 
ratios in the twelve hours of the day in the same degree that the sum of the day ratios 
exceeds the sum of the night ratios at St. Helena and the Cape. At Hobarton the 
night ratios only slightly exceed those of the day. At Toronto the preponderance is 
greater ; but at the Cape we find the day-ratios between two and three times as 
great as those of the niglit, and at St. Helena about seven times as great. We 
must proceed further toi gain a more perfect knowledge of the laws of the daily and 
nightly occurrences, by separating the disturbances classed according to the hours 
of their occurrence into their easterly and westerly components. 



Table VHI. 

Ratios of the Easterly and Westerly numbers and values at the several hours, to the 
mean easterly and westerly numbers and values. 



Mean time at 
the station, 


St. Helena. 


Cape of Good Hope. 




1 






1 




1 


Astronomical 
reckoning. 


Easterly. 


Westerly. 


Easterly. 


Westerly. I 


















Numbers. 


Values. 


Numbers. 


Values. 


Numbers. 


Values. 


Numbers. 


Values. 


Day. 
18 hours 


0-08 


0-08 


0-34 


0-36 


1-10 


M9 


0-91 


0-86 


19 


0-39 


0-32 


0-48 


0-43 


1-56 


1-56 


1-12 


1-10 


20 


1-08 


0-99 


0-85 


0-80 


2-29 


2-28 


1-74 


1-57 


21 


1-65 


1-62 


1-52 


1-40 


2-25 


2-32 


1-84 


1-73 


22 


2-12 


2-22 


1-76 


1-73 


2-60 


2-77 


2-00 


1-94 


23 


2-80 


2-96 


2-24 


2-24 


2-56 


2-67 


1-81 


1-82 


Noon. 


3-00 


3-12 


2-47 


2-60 


2-27 


2-29 


1-76 


1-68 


1 


3-02 


3-17 


2-66 


2-73 


1-79 


1-82 


1-42 


1-29 


2 


3-06 


3-19 


2-32 


2-37 


1-54 


1-49 


1-15 


1-03 


3 


2-59 


2-61 


2-05 


2-02 


0-92 


0-89 


0-76 


0-66 


4 


2-16 


2-07 


1-61 


1-56 


0-63 


0-59 


0-86 


0-76 


5 


1-08 


0-98 


1-26 


1-18 


0-42 


0-34 


0-60 


0-58 


Sura of ratios"! 
at day-hours. J 


23-03 


23-33 


19-56 


19-32 


19-93 


20-21 


15-97 


15-02 


Night. 


















6 hours 


0-41 


0-35 


0-76 


0-71 


0-42 


0-38 


0-77 


0-75 


7 


0-14 


0-12 


0-40 


0-43 


0-31 


0-24 


0-92 


0-96 


8 


0-12 


0-10 


0-47 


0-49 


0-29 


0-22 


1-01 


1-21 


9 


0-06 


0-05 


0-34 


0-41 


0-23 


0-19 


0-89 


0-97 


10 


0-04 


0-03 


0-34 


0-39 


0-23 


0-20 


0-84 


1-03 


11 


0-00 


0-00 


0-35 


0-41 


0-17 


0-16 


0-64 


0-78 


Midnight. 


0-00 


0-00 


0-39 


0-45 


0-23 


0-24 


0-61 


0-71 


13 


0-00 


0-00 


0-27 


0-28 


0-40 


0-41 


0-60 


0-60 


14 


0-02 


0-02 


0-29 


0-31 


0-44 


0-37 


0-53 


0-59 


16 


0-04 


0-04 


0-26 


0-24 


0-44 


0-40 


0-45 


0-44 


16 


0-00 


0-00 


0-27 


0-29 


0-54 


0-48 


0-49 


0-50 


17 


0-02 


0-02 


0-29 


0-31 


0-46 


0-50 


0-43 


0-42 


Sum of ratios"! 
at night-hours. J 


0-85 


0-73 


4-43 


4-73 


4-16 


3-79 


8-18 


8-96 
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Separating the whole body of disturbances at St. Helena and the Cape of Good 
Hope into their easterly and westerly components, it is thus found that the law of the 
hourly disturbance has the same general characteristic feature when viewed separately 
in either direction as when together, viz. the preponderance of disturbances during 
the day over those during the night. This would be anticipated from the large 
excess of the total daily disturbances ; but the fact is interesting as evidencing a law 
different from that by which the disturbances both at Toronto and Hobarton are 
regulated. When the disturbances at these places wei'e separated into their easterly 
and westerly components, it was found that for the purpose of comparison they 
should be arranged into two classes, viz. the easterly disturbances at Toronto and 
the westerly at Hobarton into one class, and the westerly disturbances at Toronto 
and the easterly at Hobarton into another ; the results are elsewhere published in 
detail*, but it may be convenient here to repeat the general conclusion, viz. as 
respects the first class (easterly at Toronto and westerly at Hobarton), it was found 
that, at Toronto, the nightly disturbances were to the daily as 2*0 to 1 in number and 
as 2'8 to 1 in value. At Hobarton the nightly disturbances were to the daily as 1-6 
to 1 in number and as 2*4 to 1 in value, the disturbance being greater at both places 
at any hour of the night than at any hour of the day. Respecting the second class 
(westerly at Toronto and easterly at Hobarton), the period of twenty-four hours 
required to be otherwise divided. At Toronto (westerly) the numbers and values 
were uniformly less at every hour from noon to midnight than at any hour from 
midnight to noon. At Hobarton (easterly) the numbers and values were greater at 
any hour from 6 a.m. to 5 p.m. than at any hour from 6 p.m. to 5 a.m., or the easterly 
day disturbance greater than the easterly night disturbance. In this last we recog- 
nize a similarity in the law to that in both directions combined, or either separately, 
at the Cape and St. Helena; and although we found that the #o;«/ disturbance at 
Hobarton showed a preponderance during the night to that during the day, it is 
evident this was caused by the westerly maxima having overridden and masked the 
easterly maxima. 

It has already been shown, as the result of the separation of the disturbances at 
St. Helena and the Cape into easterly and westerly movements, that in each separate 
instance, as in both combined, there is the same general law, viz. the maxima of 
frequency and amount occurring in the day hours and the minima in the night hours. 
When closely followed out, however, the law of easterly and westerly disturbances 
presents some differences. Table IX. contains the total amounts of easterly and of 
westerly disturbances observed during, all the years in which the observations under 
discussion were made, in frequency and value, at the several hours of their occurrence 
at St. Helena and the Cape of Good Hope. 

* Philosophical Transactions for 1852, p. 103, 
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Table IX. 



Mean time at 
Station, 


St. Helena. 


Cape of Good Hope. 
















1 


Astronomical 
reckoning. 


Nnmbers. 


Values. 


Numbers. 


Values. j 




















Easterly. 


Westerly. 


Easterly. 


Westerly. 


Easterly. 


Westerly. 


Easterly. 


Westerly. 


Day. 
19 hours. 


19 


30 


52-6 


91-7 


81 


83 


301-4 


308-1 


20 


63 


53 


160-7 


171-9 


119 


139 


440-0 


440-4 


31 


81 


94 


261-2 


301-6 


117 


136 


447-9 


484-2 


22 


104 


109 


357'5 


3723 


135 


148 


533-7 


544-6 


23 


137 


139 


479-0 


481-7 


133 


134 


515-1 


510-8 


Noon. 


147 


153 


503-2 


539-2 


118 


130 


441-6 


470-8 


1 


148 


165 


611-0 


589-7 


93 


105 


350-3 


361-3 


2 


150 


144 


516-1 


610-8 


80 


85 


287-9 


289-6 


3 


127 


127 


420-4 


436-3 


48 


66 


171-2 


185-9 


4 


106 


100 


333-4 


336-2 


33 


64 


114-1 


212-9 


5 


53 


78 


158-3 


265-1 


22 


44 


66-4 


161-9 


6 


20 


47 


56-7 


153-9 


22 


57 


72-7 


211-1 


Night. 


















7 liours. 


7 


25 


19-2 


91-8 


16 


68 


46-2 


267-9 


8 


6 


29 


16-4 


105-8 


15 


76 


42-4 


338-6 


9 


3 


21 


7-8 


89-4 


12 


66 


36-9 


271-1 


10 


2 


21 


5-1 


83-7 


13 


62 


37-6 


289-3 


11 





22 


0-0 


89-9 


9 


47 


31-0 


218-7 


Midnight. 





24 


0-0 


96-3 


12 


45 


47-2 


199-6 


13 





17 


0-0 


61-0 


21 


44 


78-7 


167-8 


14 


1 


18 


2-8 


66-6 


23 


39 


70-6 


166-5 


15 


2 


16 


6-2 


50-7 


23 


33 


76-0 


123-2 


16 





17 


0-0 


62-6 


28 


36 


93-0 


140-0 


17 


1 


18 


2-5 


65-9 


24 


32 


96-8 


115-8 


18 


4 


21 


12-4 


77-0 


57 


67 


229-5 


241-4 



From this table it appears that at St. Helena, although few disturbances occurred 
at niglit in comparison with those during the day, almost all the nightly disturbances 
were in the westerly direction. During five years of observation 183 disturbances, 
in all, occurred between the hours of 9 p.m. and 6 a.m. inclusive, having a value of 
690-5 scale divisions ; of these but nine were in the easterly direction with a value of 
only 24-4 scale divisions, the remaining 174 were in the westerly direction with a 
value of 666-1 scale divisions. During the same number of hours of maximum 
disturbance, from 9 a.m. to 5 p.m. inclusive, there were 2162 disturbances having a 
value of 7362-0 scale divisions ; of these 1053 were to the east and 1109 to the west, 
the values being 3539-1 and 3822-9 scale divisions respectively; westerly are therefore 
slightly the greater. At the Cape of Good Hope the preponderance of westerly ov^r 
easterly disturbance is greater during the day hours than at St. Helena, and not so 
great during the night hours ; and the analogy with St. Helena is still so far carried 
out that the excess during the night hours is considerably greater than the excess in 
the day hours. 

St. Helena is situated in that part of the globe in which the diurnal movement of 
the declination needle has peculiar interest. Unlike those places in middle lati- 
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tudes, where the north end of the needle attains its extreme easterly and westerly 
positions at the same hours in all seasons, at St. Helena the curve of diurnal 
movement is precisely reversed at opposite periods of the year ; in general terms, it 
may be said to correspond to that of the diurnal variation in the northern hemisphere, 
(at Toronto for example), when the sun is north of the equator, and to the diurnal 
variation in the southern hemisphere (or as at Hobarton), when the sun is south of 
the equator. It appeared therefore desirable to examine whether the law of the 
occurrence of the disturbance, as respects the hour of the day, remained the same in 
every month in the year, whether in fact there was any analogy between the law of 
hourly disturbance at one period of the year compared with northern latitudes, or at 
Toronto, and of the opposite period compared with southern latitudes, or at Hobarton. 
Table X. will show that the law is the same in all the months of the year, the 
hours of the day being in every month periods of greatest, and the night hours of 
least disturbance. 



Table X. 

Monthly Statement of the number of Disturbed Observations in Five Years, at St. 
Helena, distributed into the several months and hours of their occurrence. 





Jan. 


Feb. 


March . 


April. 


May. 


June. 


July. 


August. 


Sept. 


Oct. 


Nov. 


Dec. 


Sums. 


Hours. 




























Noon. 


34 


30 


28 


42 


16 


11 


32 


19 


25 


13 


20 


30 


300 


1 


26 


24 


29 


42 


26 


12 


32 


19 


34 


19 


23 


28 


313 


2 


29 


31 


20 


35 


20 


12 


21 


22 


37 


12 


27 


28 


294 


3 


28 


30 


18 


23 


23 


10 


25 


13 


29 


12 


17 


26 


254 


4 


28 


22 


18 


18 


16 


6 


21 


12 


21 


12 


14 


18 


206 


6 


16 


10 


14 


12 


8 


5 


9 


9 


16 


10 


11 


11 


131 


6 


7 


5 


8 


7 


5 





6 


6 


3 


3 


6 


11 


67 


7 


3 


2 


4 


8 


1 


1 


3 


1 


2 





4 


3 


32 


8 


3 


1 


5 


6 


3 


2 


3 


3 


1 


2 


3 


3 


35 


9 


4 


1 


3 


6 


2 


1 


1 


2 








2 


2 


24 


10 


4 


2 


2 


6 


2 





1 


3 








1 


2 


23 


11 


3 


1 


3 


6 


2 





2 


1 








2 


2 


22 


Midnt. 


3 


2 


2 


6 


3 





2 











2 


4 


24 


13 


1 


2 


2 


4 








2 





1 


1 


2 


2 


17 


14 


1 


2 


2 


2 


1 





3 





1 


2 


3 


2 


19 


15 


2 


1 


1 


2 


1 





2 


3 


1 


1 


3 


1 


18 


16 


3 


2 





2 


1 


1 


1 


2 


1 


1 


3 





17 


17 


3 


1 





2 








4 


1 


1 


2 


5 





19 


18 


3 


1 





2 


2 


1 


2 


3 


3 


2 


5 


1 


25 


19 


5 


2 


1 


3 


1 


2 


6 


3 


11 


10 


5 


2 


49 


20 


15 


8 


8 


9 


4 


1 


5 


6 


26 


15 


4 


6 


106 


21 


22 


15 


12 


16 


18 


4 


9 


10 


26 


14 


13 


16 


175 


22 


27 


24 


17 


18 


17 


5 


17 


11 


15 


19 


18 


25 


213 


23 


27 


38 


25 


28 


16 


7 


25 


20 


17 


20 


22 


31 


276 


Sums. 


297 


257 


222 


304 


187 


81 


233 


169 


271 


170 


215 


253 


2659 



It now only remains to notice the influence of the disturbances on the mean posi- 
tion of the magnet at the different hours ; this we shall determine by obtaining the 
aggregate excess of disturbance in one direction over that in the opposite direction, 

2 a2 
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and dividing by the whole number of days over which the period of observation 
extends. 

Table XI. contains the excess of easterly or westerly values of the disturbances at 
the several hours, and the mean effect on the position of the magnet. 

Table XI. 



Mean time at 


St. Helena. 


Cape of Good Hope. 


Station, 
Astronomical 






Mean diurnal variation occasioned by the disturbed 


reckoning 


observations. 


18 hours 


6-31 w. 


0-06 W. 


19 


0-18 W. 


0-03 W. 


20 


0-05 W. 


002 W. 


21 


0-19 W. 


0-18 W. 


22 


0-07 W. 


0-05 W. 


23 


0-01 W. 


0-02 E. 


Noon. 


0-17 W. 


0-14 W. 


1 


0-37 W. 


0-05 W. 


2 


0-02 E. 


0-01 W. 


3 


0-08 W. 


0-08 W. 


4 


0-01 W. 


0-49 W. 


5 


0-46 W. 


0-49 W. 


6 


0-46 W. 


0-68 W. 


7 


0-34 W. 


1-09 W. 


8 


0-43 W. 


1-46 W. 


9 


0-38 W. 


1-16 W. 


10 


0-37 W. 


1-24 W. 


11 


0-43 W. 


0-92 W. 


13 


0-46 W. 


0-75 W. 


Midnight. 


0-29 W. 


0-44 W. 


14 


0-30 W. 


0-47 W. 


15 


21 W. 


0-23 W. 


16 


0-30 W. 


0-23 W. 


17 


0-30 W. 


0-09 W. 



The effect of the disturbances in its mean quantity is therefore constantly to draw 
the north end of the magnet to the west both at St. Helena and the Cape ; there is 
but one exceptional hour at St. Helena and one at the Cape, and these from the small- 
ness of the amount may perhaps be considered as accidental ; the influence on the 
night hours is decidedly greater than in the day, at both places, and is more strongly 
marked at the Cape than at St. Helena. Once more comparing this law with that 
at Toronto and Hobarton, it is interesting to observe, that whereas we have just seen 
the mean effect of the disturbance is constant in drawing the north end of the magnet 
to the west in every hour of the twenty-four at the Cape and St. Helena, and more 
energetically in the night than in the day ; at Toronto the effect is west during the 
day and east during the night ; and at Hobarton east during the day and west during 
the night. 

In the foregoing paper exact numerical results have not been aimed at. It would 
be difficult, even if instrumental means were more perfect, to arrive at a very precise 
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knowledge of the normal positions of the magnet, and therefore to separate all the 
disturbances, including those of smallest amount ; nor would any commensurate 
advantage be gained by the attempt. 

By the method pursued a sufficient body of disturbances has been dealt with (and 
those of the larger amount) to make it probable that the numerical ratios would 
suffer little alteration by a more refined process^, which it is doubtful the observations 
themselves would sustain. The nature of the laws has in every instance been indi- 
cated ; and their regular and systematic character, evidenced in the classification 
adopted, bear abundant testimony that the method (first employed by Colonel 
Sabine) of separating observations that differ by a certain prescribed amount from 
the mean, and dealing with them as disturbances, is the true method of investigating 
the laws by which the abnormal fluctuations are regulated. 



fVoolwich, February Ibth, 1853. 



